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SUMMARY

Relationships between Ry, values of substances and the adsorption data for the
components of the mobile phase and its composition were investigated, using silica
gel G and aluminium oxide G as adsorbents. The substances chromatographed were
quinoline derivatives, flucrenone and carbazole. The mobile phases were benzene—
chloroform and benzene-acetone mixtures.

The results showed good agreement between the theoretical and experimental
relationships Ry, , = f(@;) (where ¢ is the composition of the mobile phase) on the
two adsorbents. The results indicate that it may be possible to extend the interpreta-
tion of the chromatographic process and to predict the optimal conditions for the
separation of mixtures on different types of adsorbents to a greater extent than has
besn permitted so far.

INTRODUCTION

The wide application of thin-layer chromatography {TLC) in the direct control
of chemical processes in industry and in the Iaboratory necessitates investigations that
would permit the rapid and aczcurate prediction of the optimal separation conditions
and the correct interpretation of the chromatographic process. So far, the most inter-
esting theoretical investigations in this field have been those by Sayder’—3, Turina er
al.*, Soczewiriski and co-workers®— aad Oécik and co-workers®—1%,

The theory deduced by QScik and co-workers, based on the thermodynamics
of the process of adsorption from solution, permits a relationship to be derived be-
tween certain thermodynamic values and chromatographic parameters. For this rea-
son, this theory was chosen as the starting point in the present investigations.

The equation that results from this theory, which has been discussed earlier*®—"¢,
permits the R, values of the chromatographed substances to be related simply to the
adsorption data of the components of the liquid mobile phase and to the composition
of the phase:

RK}_ 2 = @t ARKL Z _x_° (GL - (Fl)(ARE{{ = - v) ’i- Rl.{z_l- Y (I}
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where Ry, is related to the Ry value by the equation

-——R;.-) -

R, = log( ! . 2)

Re

Ry, . represents the R, vaiue of a substance z obtamed by using a two-component
solvent mixture consisting of solvents i and 2; R,,, and R,,, represents the R, values
of the substance z obtainaed when using pure solvents I and 2, respectively, as the
mgbile phase, so that - -

Z—ERM;; = Rxst - R,\'g R (3)

¢, represents the volume fraction of soivent I in the two-component solvent mixture
in the mobile phase and ¢ represents the volume iraction of sofvent [ of the two-
component solvent mixture in the surface phase. Hence the difference ¢ — ¢, ex-
presses the adsorption of the components of the binary mobile phase, and can be
determined experimentally from the adsorption isotherms of the mobile phase com-
ponents. By defining the distribution furction of the components of the mobiie phase
as

i {l — @)
K, = ft3 TP 4
S )
we obtam -
s P (K — DU — ) B
‘px q:i 1 + (K . 1)«, “(3}

Waen using ideal or conformal (regular) mixtures as the mobile phase, it can
be assumed that

—log K, = dR'l{]_’?_ 6)

It 1s then posstble to estimate the distribution function., X, from the chromatographic
data of the substance using pure solvents as the mobile phase. Thus, from egr. 5 it
is posstble to calculate the difference ¢ — ¢, for each component of the mobile phase.
without using adsorption 1sotherm data. )

A. in egn. I represents log £, where kT, is the hypothetical partition coeffi-
cient of substance z between components | ané 2 of the binary solvent mixture. This
ccefiicient represents the interaction between the molecuies of substance z and those
of the components of the solvent mixture (mobile phase}.

Y is a value that depends on the type of substance being chromatographed and
on ithe mobile phase components. For ideal mobile phases it is zero. For mobile phases
that represent conformal (regular) solutions. Yis smaﬁ for each mobile phase compo-
sition and can be disregarded.

A detailed discussion and the means of using the zbove cquaaon:, were given
in earlier papers'®~*®. The agreement between theoretical values estimated by means
of this equation and experimental values was demonstrated for systems of mixed ideal
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or conformal solvents used as mobile phases. All measurements were carried out on
sttica gel as adsorbent.

Generzlization of the above theoretical considerations will be passible after
extending the investigation to adsorbents that differ considerably in their properties.
Of course, when using liquid mobile phases that are not ideal solutions, values such
as the distribution function K, and the partition coefficient k7, in a given case cannot
possibly have the same physical meaning as that for 1deal systems. Earlier considera-
tions*™!® permit the assumption that quantitative analysis of the parameters in eqn.
I will also aliow the analyvsis of a chromatographic pracess by using solvents that have
properties different from those of ideal solutions.

The mechanism of adsorpticn in chromatography on aiuminium oxide dif-
fered from that observed on silica gel. Aluminium oxide is the most widely used ad-
sorbent, apart from silica gel, for the chromatographic anzlysis of petroleum prod-
ucts??. As a result of structural differences between aluminium oxide and silica gal'®,
alcohols, for example, may be weaker eluents on silica gel than on aluminium oxide
in comparison with other solvents.

The above considerations prompted investigations aimed at comparing the
theoretical and experimental relationships between the R values of a substance and
the composition of the mobile phase on two different adsorbents, viz., aluminium
oxide and sifica gel.

EXPERIMENTAL

Experimental functions Ry, , = f{g.) were obtained by measuring the R values
of substances (Table I} by ascending TLC. Silica gel G and aluminium oxide G for
TLC (acuivity I} (Merck, Darmstadt. G.F.R.) were used as adsorbents. The model
substances chromatographed were guinoline, isoquinoline, 2-methylquinoline. 4-meth-
ylguinoline and fluorenone (class B} and carbazole (class AB)} according to the clas-
sification of Pimentel and McCliellan'®, each having electron-donor properties.
Renzene-chloroform (N +— A) and benzene-acetone (N -+ B} mixtures were used as
mobile phases. The solvent systems are relatively simple, especially when the polar
component 1s non-associated. The infiuence of the composition of the mobile phase
on the adsorption of the chromatographed substance will depend to some extent on
the solvation comstant in this phase, and the actual situation in such a chromatogra-
phic system may be different from that in a known modef system when theoretical
parameters are predicted. The above liguid mobile phase systems are those most often
used in adsorption chromatography, which is why they were chosen for these expert-
ments,

Chromatography was carried out in the usual way, as described in detail else-
where?2.13,15.28.2L The results are presented as graphs of R, , = f{g;} obtained theoret-
ically on the basis of the egn. I (solid and broken lines) and experimentally (points).

The values of the distribution function X, characteristic of the adsorption &f
the components of the liguid mobile phase, were found by assuming that —log K; =
ARy, .. This value perntitted, in turn, the difference ¢; — ¢ to be found'*~*5, Suitable
values of 4. = log &f°,. were chosen for the calculated function Ry, , = f{¢,) (refl
10). The values of A give an idea of the molecular interactions between the molecules
of substance z and those of the components of the solvents.
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TABLEX

Ry VALUES OF SOLUTES CHROMATOGRAPHED ON ALUMINIUM OXIDE AND SILICA
GEL

Mopbile phases: benzene-chloroform and benzene-acetone.

SO[:ife Csﬁ'g-Cé'C[; CsH&-(Cf{z}zCO
Vof. fraction Re Vol fraction Rr
of CHCL o sio, | H(CHICO0 s s,
Quinoline 0.0 Q.30 .03 X3 .36 .03
Q.1 0.34 0.04 g.1 .68 0.1¢
.3 ¢.38 0.06 a.2 087 Q.58
0.5 .49 .07 Q.5 .91 .63
Q.7 0.50 6.07 8.7 go1 (1 3933
0.9 8.52 807 0.8 0.21 0.75
1.0 a.56 89.07 1.8 0.5t Q.70
Isogqumotine 3.6 3.14 0.01 0.0 o.14 0.01
G.1 0.20 0.03 0.1 0.14 G601
0.3 .28 0.07 8.3 0.74 8.52
0.5 .33 8.08 Q.5 0.79 Q.65
6.7 032 9.02 0.7 083 Q71
69 0.43 0.08 0.9 8.78 Q.71
1.¢ Q.37 (10311 1.9 0.74 0.67
2-Methylgunoline 0.0 0.32 0.62 0.0 3.3z a.02
0.1 0.42 0.04 0.1 0.69 0.22
0.3 046 G o7 0.3 3 87 .62
a5 0.53 207 g5 0.89 Q.76
0.7 .56 0.08 Q.7 G.90 0.84
3.9 Q.57 ¢.ge G2 0.86 .81
1.0 0.61 (13354 ¢ 0.75 Q.76
4-Methylguimneokne 0.0 .16 0.02 00 0.16 6.02
(15 0.28 0.04 0.1 063 0.17
G.3 0.35 0.04 0.3 3.83 Q.50
8.5 0.40 0.07 8.5 Q.88 Q.59
9.7 0.42 .05 Q.7 0.85 8.68
a.9 0.38 0.05 0.5 G.84 8.69
1.0 6.50 0.05 10 0.79 .68
Fhiorenons 0.0 .58 0.28 0.0 .5¢ Q.28
G.1 .73 0.38 G.1 .66 043
0.3 081 .48 a.3 Q.78 Q.65
a.s 0.75 3.54 8.5 Q85 .77
0.7 0.75 Q.57 87 0.59 G.88
9 .80 Q.52 4.8 .93 .91
1.0 0.51 0.58 1.0 093 0.63
Carbazole 0,0 .60 Q.48 8.0 8.60 .48
2,1 6.70 Q.51 Q.1 g.66 .65
4.3 8.77 Q.58 Q.3 Q.77 ¢.82
0.5 378 Q.62 a5 084 0.88
3.7 8.79 .62 Q.7 Q.85 G.93
0.9 0.77 8.68 a2 .88 0,94

1.0 676 0.68 10 087 ©CO5
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VALUES OF 4. AND K; OF SOLUTES CHRCMATOGRAPHED ON ALUMINIUM OXIDE
AND SILICA GEL AS ADSGRBENTS

Mobile phases: benzene—chloroform and benzene-acetone.

Solute CeHsCHCL CsHs~(CH;},CO
Az K, A Ky
ALOs  SiO, ABCy  Si0: AlsO;  §87: ALQy  Sio,
Quinoline +0.62 —043 +3.3 +3.5 —0.23 Q.0 +16.0 —81.22
Isoguinoline —0.21 —0.56 —050 0.5t
2-Methylquinoline —0.06 —092 —0.25 —0.04
4-Methylquinoline —0.36 —0.54 —0.67 +0.29
Fluorenone —1.32 Q.16 0.0 +1.23
Carbazole —1.88 +0.18 —0.69 0387

RESULTS AND DISCUSSION

The experimental results show two cases, when the mixed maobiie phase

consists of an active solvent of either A or B type plus an N-type solvent. In N - B
systems, solvation effects may also be observed, while the interaction of acetone with
the adsorbent surface (silica) may result in complexes with surface hydroxyl sroups?.
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Fig. 1. Theoretical {(solid and broken lines) and experimental (points} Rs, , = f{@y) relationships
for quinoline, isoquinoline, 2-methylquinoline, 4-methviquinoline, fluorenone and carbazole obtained

on aluminium oxide (squares) and silica gel {circles). Mobile phase: benzene~chloroform.
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In agreement with Snyder®, for molecular complexes in the liquid phase be-
tween molecules of a solvent and molecules of a chromatographed substance, the
energy of interaction will not be determined by the adsorption energy of the substance
but by the adsorption energy of the complex formed.

Soczewinski and Matysik®® reported that quinoline derivatives used as model
substznces do not form hvdrogen bonds with ketone (acetone} moiecules. However,
this does not mean that in the systems examined interactions of another type might
not cccur.
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Fig. 2. Theoretical (schd and broken linss} and ezperimental (points} Ry, = £ relationships
for quinoline, rscquinctine, Z-methylquinoline, 4-methylquinecline, fluorenone and carbazole ob-
tamed on alumipium oxide and silica gel. hobile phase: benzane-acetone.
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In the methyl-substituted quinolines examined. mesomeric effects can also
occur. although it seems that steric effects prevail with 2-meth¥lquinoline. This is
shown by the different values of 4_ for this substance (Table I} in comparison with
those for other quinoline derivatives. The negative values of 4. observed for the sub-
stances examined illustrate the stronger interactions of the substances with the less
active component of the mobile phase. It is interesting that these values do not depend
on the type of adsorbent. )

For the benzene-chloroform mobile phase, the values of the adsorption equi-
librium constant {(distribution function) are very close on both adsorbents (K; =
3.3-3.5}), while for the benzene-acetone mobile phase the values. differ widely (16.0
on aluminium oxide and 81.22 on silica gel).

Fig. I shows the refationships R, . = f(¢) for the quinoline derivatives and
fluorencne and carbazole obtained on the two adsorbents with benzene-chloroform
as the mobile phase. There is a fairly good agreement between the experimental and
theoretical relationships on both adsorbents. For the quinoline derivatives. both the
theoretical and experimental relationships differ largely 1 the R., values of the sub-
stances examined. However. the shapes of the curves are similar.

A comparison of the Ry, . = {¢,) relationships and the values of K on the
adsorbents used indicates a close similarity between the adsorption processes under-
gone by the molecules of the mobile phase in the two chromatographic systems.
Similar shapes of the theoretical and experimental Ry, , = f(g,) functions were ob-
served when using fluorenone and carbazole.

A different shape of the theoretical and experimental Ry, , = f(¢,) relation-
ships can be seen in Fig. 2, which shows that the functions differ on the two adsorbents
with regard to both R,, values and shape. The benzene—acetone mobile phase shows
the presence of more complex and stronger molecular interactions, the change in the
molecular interactions being indicated by the very different A R,, , values for the sub-
stances.

The theoretical and experimental results indicate the possibility of extending
the use of the equation to a Iarger number of adsorbents. It 1s hoped that egn. | may
be used for the prediction of optimal separation conditions of mixtures of substances
and for the iterpretation of the chromatographic process to a greater extent than that

suggested by current investigations.
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